Background. The optimal management of locally recurrent pediatric osteosarcoma is not established, especially after prior limb-sparing surgery. We describe our experience in the management of these patients and identify prognostic indicators of post-recurrence survival. Methods. We conducted a retrospective, single-institution review of patients with locally recurrent osteosarcoma after limb-salvage surgery who were treated between October 1989 and January 2012. The management of each recurrence was evaluated, and patient, disease, and treatment factors were correlated with post-recurrence survival (PRS). Results. Of 200 patients who underwent limb-sparing procedures, 18 (9 %) had biopsy-proven local recurrence. Recurrences occurred in soft tissue in 15 patients (83.3 %). Six patients (33.3 %) were amenable to repeat limb-sparing surgery. Median time to local recurrence was 1.4 (range 0.6-10.4) years. Median PRS was 11.8 months (range 3.7 months-12.1 years). Post-recurrence survival was significantly associated with the length of resection margins and was longer when recurrent tumors were resected with margins of C1 cm, compared with subcentimeter or positive margins (P = 0.03). Median PRS was longer in patients who underwent amputations (2.44 years) than those who underwent repeat limb-sparing surgery (0.86 years), and in patients who had distant metastases resected (2.7 years) than those who did not (0.85 years); however, differences were not significant. Conclusions. Local management of recurrent osteosarcoma in a previously reconstructed limb is highly individualized. A sufficiently wide resection is important for local control of recurrences, independent of the type of surgery. Maintaining control of distant metastases may also contribute to improved survival.
With the introduction of neoadjuvant chemotherapy, 5-year survival rates for children with high-grade osteosarcoma have improved from 15 % to more than 70 % during the past 40 years. 1 Trends in local tumor control also have changed; limb-sparing surgery is now being used in nearly 90 % of patients. Although inadequate surgical margins have been associated with increased risk of local recurrence, it is debatable whether limb-sparing surgery increases the risk of inadequate surgical margins. 2 Yet, there are no significant differences in survival outcomes of patients undergoing ablative and limb-sparing surgery, and local recurrence rates are 5-10 % for both approaches. [2] [3] [4] [5] With improvement in survival rates and increasing use of limb-sparing surgery, local recurrence in extremity osteosarcoma is an increasingly important concern.
The prognosis of patients after local recurrence of osteosarcoma is generally poor, despite aggressive multimodal treatment. 4, 6 The management of locally recurrent disease is not well defined, especially in patients who have undergone limb-sparing surgery. 7, 8 The best approach to manage a local relapse near a prosthesis or allograft remains unknown, and it is unclear whether further limb salvage should be attempted with the potential risk of obtaining close or even unintentional positive resection margins. Conversely, it is not known whether amputation at this point will affect an already poor prognosis. Furthermore, the presence of an endoprosthesis or other hardware in the limb can complicate surgical planning and may necessitate a more proximal amputation than would otherwise be indicated.
To date, studies analyzing outcomes after local recurrence of osteosarcoma have included patients who have undergone ablative and limb-sparing surgeries for primary disease control. Given that local management of the recurrent tumor may be different for patients who have undergone limb-sparing surgery, it is not known whether prior limb salvage affects outcomes in these patients and whether their outcomes differ from those receiving ablative management for their primary disease. In this study, we describe our experience in the management of children with locally recurrent extremity osteosarcoma after prior limb-sparing surgery and identify prognostic indicators for their post-recurrence survival.
METHODS

Patients and Treatment
A retrospective chart review was performed of 200 patients who underwent limb-sparing surgery for osteosarcoma at St. Jude Children's Research Hospital between November 1980 and February 2012. The study was approved by the institutional review board. Of the 21 patients who had local recurrences between October 1989 and January 2012, 18 had biopsy-proven recurrent disease and were included in the statistical analysis. Because it was not always possible to differentiate local recurrence from metachronous metastasis, all recurrences occurring in close proximity to the original surgical field were included in the study, regardless of whether they were in the same bone as the primary tumor. Surgical records, radiographic imaging, and pathological reports were individually reviewed. Type of surgery and surgical resection margins at initial and relapse surgeries, site of relapse, and chemotherapy-associated tumor necrosis were noted. Chemotherapy-associated tumor necrosis was defined according to the Rosen Grade: Grade 1, little or no effect of chemotherapy; Grade 2,\50 % necrosis; Grade 3, [90 % necrosis; and Grade 4, 100 % necrosis. 9 Serial imaging studies were reviewed for the development of new or progressive metastatic disease that occurred before, at the time of, or after local relapse. Imaging modalities included bone scans, computed tomography (CT) scans, and positronemission tomography (PET) scans. Lung metastases were recorded as solitary or multiple. Patient demographics, cancer history, proven gene mutations, and survival and recurrence outcomes also were noted.
All patients received preoperative chemotherapy before primary tumor resection with limb-sparing surgery. Both amputation and limb-sparing wide surgical excision were considered appropriate surgical options. Soft-tissue reconstruction was limited to local advancement flaps. Amputation was employed when more extensive soft tissue involvement was encountered. Surgical excision of the primary tumor involved en bloc resection of the overlying biopsy tract with the tumor, surrounded by a cuff of tumorfree soft tissue where possible. Proximal and distal bony margins were defined by the respective treatment protocol and ranged from 5 to 1.5 cm. Intraoperative biopsies of the proximal and/or distal marrow margin were obtained and sent for frozen-section histology before commencing on the prosthesis or allograft reconstruction. Conversion to an amputation was considered if intraoperative margins were positive. Chemotherapy was resumed after adequate wound healing.
Statistical Analysis
Post-recurrence survival (PRS) was correlated with patient gender and race, primary tumor site, distance of surgical margins at resection of the local recurrence, and chemotherapy-associated tumor necrosis. In addition, the association between PRS and presence of distant metastasis at diagnosis, initial local recurrence, and after local recurrence, and achievement of first or second complete response (i.e., resolution of all local and metastatic disease by chemotherapy or surgery) were evaluated. PRS was defined as the time from the date of initial local recurrence to the date of death from any cause. These relationships were analyzed with exact Wilcoxon and Kruskal-Wallis tests and the Cox proportional hazards regression model. P \ 0.05 was chosen as the a priori cutoff significance level. SAS version 9.2 (SAS Institute, Cary, NC, USA) and StaetXact (Cytel Corporation, Cambridge, MA, USA) were used for statistical analyses.
RESULTS
Patient Characteristics
Of the 18 patients with biopsy-proven local recurrences, 14 had lower-extremity osteosarcoma (11 in the distal femur and three in the proximal tibia) and four had upperextremity osteosarcoma (all in the proximal humerus). There were eight females and ten males; 13 patients were Caucasian, four African-American, and one was Hispanic. Median age of patients was 14.9 (range 6.2-20.7) years. Primary tumors were imaged preoperatively in 17 patients by magnetic resonance imaging scans and by CT scan for one patient (patient two). Ten patients were treated on prospective institutional clinical trials: patient one on the OS-86 protocol, patients 2-5 and 7 on the OS-91 protocol, patients 11 and 12 on the OS-99 protocol, and patients 16 and 17 on the OS-08 protocol. [10] [11] [12] All other patients were treated based on the standard of care in use at the time. Surgery was performed after 13 weeks of chemotherapy in one patient (patient one) and after 10 weeks in the remaining patients.
Histologically, tumors were high-grade conventional osteosarcomas in all patients except patient 13, who had high-grade periosteal osteosarcoma with extensive chondroid differentiation. Patient 13 had positive soft tissue resection margins at initial limb-sparing surgery, but amputation was not performed because of the periosteal location of the tumor. Soft tissue and bony resection margins were negative in all other patients. There were no pathologic fractures, and only one patient (patient 15) had a skip metastasis at diagnosis. At initial surgery, seven (39 %) tumors had Rosen Grade 3 necrosis of more than 90 %; none of the tumors showed 100 % necrosis. Two patients had localized disease (patients 8 and 12). Two patients had a known TP53 mutation (patients 8 and 10), and one had an Rb1 mutation (patient 9).
Presentation and Management of Local Relapse
The presentation and subsequent management of local recurrences were individualized and varied, depending mainly on the site and size of the recurrent tumor in relation to the initial resection (Fig. 1) . Bony relapses occurred in three (16.7 %) patients: in one patient (patient 2), the primary tumor was in the distal femur and local relapse occurred in the midfemur; in two patients (patients 8 and 9), proximal tibial primary tumors were resected and relapses occurred in the proximal fibulae. One patient (patient 9) was managed with wide en bloc excision of the proximal tibia with the recurrent tumor, and reconstruction with a longer tibial prosthesis; the other two patients (patients 2 and 8) underwent amputations. Soft-tissue relapses occurred in 15 (83.3 %) patients; all occurred in the surgical bed except one (patient 6) who had a locoregional recurrence in the anterior compartment of the lower leg following an initial distal femur primary tumor. Eight patients had proximal amputations, five had wide local excisions, and two had no further surgery. Notably, of four patients who had upper-extremity soft-tissue relapses, three had wide local excision and one had no further surgery.
Ten patients underwent amputations for their locally relapsed tumors. Of these, one patient (patient 14) had positive resection margins due to an extensive soft-tissue relapse extending into the groin. Ten (56.6 %) patients had locally relapsed tumors that were resected with surgical margins of C1 cm. Of these, nine underwent amputations for local control of the recurrent tumor.
Second local recurrences occurred in patients 16 and 17. In patient 16, wide local reexcision of the recurrent tumor was performed with a 2-mm soft tissue resection margin; 3 months later, he developed a second local recurrence but declined further surgery. In patient 17, after diagnostic biopsy of the recurrent tumor, clear margins could not be obtained after two attempted wide excisions and an aboveknee amputation was performed. The patient had a second local recurrence 6 months later, which required a hip disarticulation. Table 1 summarizes sites of local and distant disease at diagnosis, time of recurrence, and survival outcomes. Data from the three patients who did not have biopsy-proven recurrence are included for comparison, although they were excluded from analysis.
Post-recurrence Survival
The local recurrence rate for patients treated with limbsparing surgery was 9 % (18/200) during the study period. Median PRS was 11.8 months (range 3.7 months-12.1 years). At a median follow-up of 2.5 (range 1.2-18.2) years, six (33 %) patients were alive, and three had survived more than 5 years with no evidence of disease. The majority of deaths occurred within the first year after local recurrence, and only four (22 %) patients survived more than 5 years. Twelve (67 %) patients died within 15 months from the time of local recurrence; all had lung metastases at diagnosis or had progressive disease or development of new lung metastases at the time of local recurrence. All four patients in whom the recurrent tumor was not resected or resected with positive margins died within 1 year from the time of local recurrence. The five patients who survived more than 2 years after recurrence underwent amputations for local control of recurrent disease.
Distance of surgical margins at resection of the local recurrence was the only factor that was significantly associated with duration of PRS ( Table 2) . Median PRS of patients after amputation was longer than those who had limb-sparing wide excision and those who had no surgery, but these differences were not significant (P = 0.2551). Patients for whom distant metastases were not completely resected at any time in their treatment course had poorer PRS than those who never had metastases or whose metastases were completely resected and never recurred (median 0.85 vs. 2.7 years, respectively), but this difference was not significant (P = 0.1289). 
DISCUSSION
In current literature, prognostic factors associated with PRS have been primarily related to the use of systemic chemotherapy and adequate surgical control of the primary tumor. In an earlier report from our institution, use of neoadjuvant chemotherapy, negative margins at initial surgery and at resection of the recurrent tumor, and a time interval of C2 years between diagnosis and local recurrence predicted a longer PRS. 4 Similar findings were reported by the Cooperative Osteosarcoma Study Group in an analysis of 38 patients with solitary osseous recurrence: P values less than 0.05 are in bold a P value may be exaggerated due to small numbers in a category b Patients who did not undergo surgery were excluded from analysis because of small numbers in this category the use of second-line chemotherapy, complete resection of the recurrent tumor, and time interval of [1.5 years between diagnosis and local recurrence were significantly associated with post-recurrence overall survival. 13 Others have found that presence of systemic recurrence at or before local recurrence predicts post-recurrence survival. 6 In recent years, increased application of limb-sparing techniques and preoperative imaging has allowed more accurate surgical resection of primary tumors and correspondingly better survival outcomes. 1, 14 Surgical advances also have led to more durable limb reconstructions with better functional outcomes. 15 With these advances, patients are surviving longer with functional limbs intact. In our study cohort, many negative prognostic factors identified in earlier studies were not present. All of our patients received neoadjuvant chemotherapy before their first surgical resection and second-line agents at recurrence; all but one patient had complete resection of the primary tumor with negative margins. Hence, prognostic factors identified in our study reflect the influence of disease and treatment variables at later points in the treatment course, with many patients achieving first and second complete response.
The distance of surgical margins of resection of the locally recurrent tumor was significantly associated with PRS, regardless of whether amputation or limb-sparing surgery was performed. Patients with a resection margin of C1 cm had a significant survival benefit compared with those with subcentimeter or positive margins or no resection. Although PRS for patients undergoing amputations was longer than that for limb-sparing wide excisions, this difference was not significant. Bacci et al. 6 reported that amputations for local recurrence were associated with longer post-recurrence event-free survival. They found that second local recurrences occurred only in patients who had a second limb-sparing surgery for their first local recurrence. We encountered a similar scenario with patient 17. Our observations suggest that a resection margin of C1 cm is required for adequate surgical control of local recurrence and is most likely influenced by the type of surgery performed. In practice, size and site of the recurrent tumorespecially its proximity to neurovascular structures-may preclude the possibility of achieving sufficiently wide margins. Thus, we recommend that if sufficient margins cannot be achieved with conservative resection, amputation should be considered.
There was a notable difference in median PRS between patients whose distant recurrent disease was or was not completely resected at each recurrence, but this difference was not significant. Our analysis may have been limited by the small number of patients. Several studies have shown that serial metastasectomies for multiple recurrent pulmonary metastases are associated with prolonged survival. [16] [17] [18] Taken together, our observations support current evidence that control of distant metastases confers a survival advantage in patients with serially recurrent distant disease.
CONCLUSIONS
Local surgical management needs to be tailored to individual anatomy, particularly the proximity to vital structures and availability of sufficiently wide margins. Wide resection of locally recurrent tumor with margins of C1 cm was significantly associated with a longer PRS compared with subcentimeter or positive margins and suggests that a sufficiently wide resection is important for local control of recurrent tumors. Maintaining complete surgical control of metastatic disease at each distant relapse also may improve survival.
